Metabolic thermotolerance: magnetic resonance detected protection of glutamate synthase.
Metabolism in maize meristem cultures exposed to different heat treatments has been analyzed by 13C-NMR spectroscopy of tissue extracts. The effects of a 40 degrees C permissive stress were compared with a 45 degrees C lethal stress, and the metabolism of glutamate and glutamine were markedly altered by both temperatures. Changes in the incorporation of labeled precursors, alterations due to the in vivo application of enzyme inhibitors, and differences in the activity of enzymes in cell free extracts have confirmed that glutamate synthase (GluS) is partially inactivated by the lethal thermal exposure. This enzyme is quantitatively protected by the induction of thermotolerance. The time dependence for the protection correlates with the appearance of a set of late-arising heat shock proteins (hsps). The function of these late-arising proteins is not yet known, but only one of them, a 67-kDa protein, is spatially correlated with GluS protection. Therefore, the quantitative protection of a key metabolic enzyme has been correlated with the in vivo function of a specific hsp.